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The purpose of the invest:l.gation was to determine the conu:ruct validit.y of a.

standardized achievement test. The test, administered to over "800 subjects, is one

examination in a diploma program for students pursuing the Char' zred Life Underwriter

(CLU) desi gnation .
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' Results of factor and multiple discriminant analysis indicuted the presence of

five content ind cognitive constructs. However, only 12% of the variance was accounted '

) for by ‘these construets. Subsequent analysis has indicated the: presence of an item ‘

response format construct that might relate with individual performance. Further in-

'vescigation, including computation of the shsred variance betwe»n item response formats' .

and content traits, is underway.
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Test and Population Parameters .

Béfofe exploriné thé procédures used to investigate t’k‘ag'research questlions,
© the characterist:ics of the test and.population involved in the study will bé
enumerated. | | | |
Twice a year, The Americ}a‘n Coliege of Life Underwriters administers
examinations covering a total ofvten’cc‘a»urses. Five objective course exa’mina_-
~ tions are givleﬁ in ‘Januafy-and repeated’vin J'ubne, élbng with objéctivé and |
‘essay exatﬁinatioﬁs cqvéﬁhg the éthgr v‘five co_urse:s.
| Tﬁe .examinatioh 6lbsen for si:udy was Test I fbr Course Areba' One. The
iratiohaile for th'e selection of this examin.a‘t‘ic‘m.was threefbld ) (a) it is the
'_examina'tvi'on that mosﬁ s;uden;s take first, (b) it ivs :admi_nistered.inlJanuary-
and Juﬁe "and hés a highéf ratevof. failure than the pthe: f}ine Ie.:(a;ninations
, "and (e) persb?mél in other devéiopmental projecté not associated with this
inves.tigaﬁ:ion Qere geeking _i'nfo‘rmation abdut its naturev and value. |
" The fi_rst t_eét has 100 fnultiplé.choige ques‘tion.s d}ividevd into five suBtests,
of 12v to 27 items. _éé.ch.' 'i_‘he it_éms are ‘ari:ange‘d into subte;ts éc_:cordinéﬂ | |
: t“oi sdbjective judgment on content homogeneity, _without the.‘ guidance c;f .s_tatis_-
t‘ical_irifqrmét.ibri.' ' Furthér', t‘hreg"‘re‘sponvse: fdrméts are ds'eci in “the examinét_ion
'm;{thiitems‘ “for each fdrmatggrou;‘)‘ed togeﬁhér. : ’The.';;e response formats contain |
items froin several or all of the five subtests. The first response format
(Response Format I) provides a stem and five alternative choices lettered
A to E. The second format (Response Format II) provides a stem that includes
three to five statements. The response to his type of item demands the

selection of one, two, or a combination of all statements as the correct response.

(Thorndike and Hagen, 1969, Chap. 4) The third item format (Response Format III)

provides a stem with the phrase "and all of the following are true except . . .




This final response format demands that the student select the wrong response

w1th:|.n the context of the stem statement.

| The population used in this investigation are all students in the CLU
Dip'Loma Program who completed Test I in January of l9_7l. -The exam;l.nation was -
administered to 5,834. vindividuals 1in test cen_ters throughout ‘the llnited States.

For a large majority of the students, this was the first CLU examination. .

Procedures
The - tests were scored and analyzed by the Educational Testing Service
(ETS) during February of 1971. The :|.nit:|.al statistical analys:l.s by ETS yielded |
item and test statistics, i. e., :|.tem diff:.culty, b:|.serial correlation of items
with total test score, total test score means, variances, skewness and kurtosis
measures as well as spl:|.t -half rel:|.ab:|.l:|.ty coefficients. - |
Subsequent to the analysis. by_ETS, the data were further analyzed by the
staff at 'the AmericaniCollege during the_summer of l97l accord:.ng to the
following procedures' »
I Dupl:l.cation of the :|.nitial test analysis to determine :|.tem and test
characteristics . : |
L IT Factor Analys:l.s of the entire exam:l.nation and each subtest separately,‘
using a Principal Components method with a Varimax Rotation.
III Multiple Discriminant Analysis of the entire test, performed by dividing
the subjects'. total test scores into 3 groups -- the top and bottom 27%
and the middle 46%
I The item and test statistics computed for the examination were as follows:
Test means, standard deviation and reliability (Cronbach's Alpha coefficient)
for each of the five subtests and the total test; item difficulty levels,

point-biserials coefficient of correlation of each item with the total and
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subtest scores; and finally, a distribution of the alternative responses
chosen by the examinees. | | | |

11 Two factor analyses were performed The first was on‘all l00 items
collectively. An eigenvalue of 1.0 was used as the criterion for st0pping ,
factor extraction. The second phase of the analysis was a factor analysis of
each individcal subtest. As with the initial factor analysis, the criterion
for st0pp1ng factor extraction was an eigenvalue of 1.0.

III The multiple discriminant analysis was done wusing all 100 items.

DiViding the test scores into the three ~groups def:l.ned previously, stat:|.stical
‘ analysis identif_.ied itmes that s_ignificantly discriminated among the three

levels of performance. ‘
Results
 Item Analysis

Thé results of the first phase of theanalysis are reported in Table I,

lnsert Table I about here

The sobtest and total test score btiistrib.ut':i.ons‘ tend vto be negatively | o
skewed and mildly l'eptok't\xrtic. " With the exception of' subtest one, the relia-
bility tended to be generally good, especially for the total test, Further,
the item point-biserial coefficients of correlation with the total test scores
generally averaged in the .35 - .45 range; and .45 - .50 with the subtest score.
The general indication is that the test contains homogeneous items of similar
content for each of the subtests as nell as for the total test.

However, analysis of the item data, categorized according to the three

response formats, pointed to a possible problem area. These data are presented

in Table II.




‘Insert Table II about here -

There appeared to be a difference in test performance that might be
dependent upon the response format used in the examinationms. However this

tentative conclusion demanded further investigation.

Factor Analysis Results
The nea_c.t phase of the analysis was the extraction of factors from the
total test. The factor analysis yielded 2 ’factors': that accounted for 37.3%
of the trace. l-‘ivefactors were'clearly .identifiable as related to specific

content areas. These are presented in Table III.

| Insert Table III ,about here

Factors ‘one, two and three were tentatively identified as hav:|.ng mathematic
dimensions, reflecting comprehension of mathematical definitions, calculation
v and problem solving aspects respectively. -The items 1oading on. each of the
'.thre'e"' factors tended"t.o have high intercorrelations, which in addition’ to
the content similarity, led to the conclusion of a predominant mathematics
factor. However, it was discouraging that only 7% of the variance was
accounted for by the three factors. The fourth and fifth factors, when
reflected, were interpreted as primarily verbal operations with mathematical
overtones. The fourth factor extracted was described as a comprehension of
insurance definitions and the fifth, as a comprehension and application of
insurance principles within a mathematics domain. Surprisingly, these two

factors accounted for 5% of the variance.
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In the context of these'results,‘the obvious question is waat occurred.

. to the distribution of the remaining variance. A total of 24 factors wvere
extracted but only 5 were clearly recognizable as having a specific content

and cognitive feature. Of the remaining nineteen factors, many had loadings
vfrom one or two items in extremely specific content areas, However,‘there were
two factors that reflected not only a content area, but also appeared to reflect
- a test characteristic. The test characteristic appeared to. be the response
fornats that were used throughout the examination. ' These are data presented in:

Table 1v,

.lnsert Table IV about here

'Items loading on Factor 3 had characteristics,of Response Format 11,

‘while items loading on Factor 15 had characteristics of Response Format I.

Even though all 1tems that ‘loaded on Factors 3 and lS respectively were of

the tuo,response formats, it was difficult to separate the contribution of the
content and format.to this’factor.pattern; For oneithing,-the number of items
lthat loaded on the factors was. not extensive even though the loading was )
‘relatively clear. Secondly, there were still weak content similarities that o
existed within the items that loaded on Factors 3 and 15 respectively.

Further exploration was necessary to determine the extent to which the
response formats might be affecting the factor structure of the test. For this
reason, it was decided to continue the analysis by computing a multiple discrim-
inant function. Dividing the total group of 5,834 individuals into three
groups (top 27% of total scores, middle 46%, and bottom 27%), according to their

scores on the total test, the multiple discriminant analysis then used each

item to differentiate among the three levels of total test performance,
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The findings were inconclusive.b 0f the 100 items that were used as the
: input variables, 20 items significantly’discriminated among.the'three groups,
These items had eratios significant at P < 05 Examination of the
20 items in the: context of the three reSponse format revealed the information

presented in Table V.,

Insert Table v about here

Chi Square analysis performed on the data in Table V did not indicate that
there was a significantly greater number of items of one response format over
the other response formats.

‘ However what was more revealing. was that only 13 of the 20 items that
differentiated among the three groups of subjects loaded on one of the 24
factors. Seven of the most potent items d1d not load on any factor. This led
to a tentative 1ndication that much of the variance of the total test was, in
fact unaccounted for, because items of key content and cognitive areas were
not included in:the test._ 0f the seven items that did not load on any factor,.

- another interestingvcharacteristic was noted,. This is reflected in’ Table VI.

Insert Table VI about here

A question can be raised as to whether or not further exploration of the

Response Format and individual test performance might provide information on

the construct validity of the test.




‘Conclusion

At this point, the results do not indicate a clear construct pattern to
the test. 'The evidence of interaction between students' scores, content and

response format must be explored further before any conclusions can bé ‘drawvm.




TABLE I

Descriptive Statistics of the CLU Examination One Administered in January, 1971 |

Subtest Number 1 2 - 3 4 5 “Total Test

Number of Ttems |12 |21 |19 27 21 100

Means | 8.3 {169 |13.7 |17.3 [13.0 69,5

‘Standard Deviation| 1.9 | 2.8 | 2.7 | 5.0 | 3.1 126

Alpha oefficients| 49| 67 | 60 | 79 | e .89
/




', Page 10

 IABLE II '

‘Total Test and Item Means of Examination One Categorizéd by Response Format

' No. of _ Total Téét' v - Avérage
Items - Mean : Item Difficulty
Response Format I _ 42 28.5 A ;’ v.68
Response Format II 36 ‘ | é4;1 : - .67 ‘
Résﬁoﬁse Format III 22 - 16;5’ ' - 75
i
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TABIE III

Factor Loadings for Five Factors Extracted from Examination One

Factors

ITEMS 1 Iz R 4 v v
~(a,b) -

.10 34
18 48
25 33
29 , 36
41 52
46 . 39
49 45
60 36
77 | 32
- 89 34 '
21 ' : ‘ 48
43 - 43

13 : - 47
17 B 31
40 S | 8
68 N 03

12 | -40
19 o | | .37
23 | - ‘ -37
27 | | - -4
31 | | =34
32 | o | 44
35 8 | | -46-
54 o - -45
56 | - N RN Y B
11 e o - | | -38
39 | | | | 37
42 | | - -43

60 .| ) ; o | -s4
62 =40
86 -35
97 -32

Note: (a) values in excess of .30 are reported
{b) decimal points have been omitted




Factor Loading of Items from Response Formats I and II for Examination One

TABLE IV

Response Format II

Response Format I

Note: (a) values in excess of .30 are reported

(b) decimal points have been omitted

Item
Number Factor 3 Factor 15

50 60 (2:0)

63 49

76 30

33 35

40 41

17 31

13 47
9 39
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TABIE V

Test Items that Significantly Descriminate Among Three Groups of Subjects
Related to Response Formats in Examination One

Number of Items that Total No. of Items
Response Format Significantly Discriminated in the Test for Each
Type Among the 3 Groups Response Format
I 10 42
11 4 " 36
111 6 22
Table VI

Test Items Unrelated to

Three Groups of Subject-

any Factor that Significantly Discriminate Among
Reported by Response Format for Examination One

Distribution of the 7 Items Total No, of

Response Fdrmat Obtained from the Multiple Items from Each
Type Discriminant Analysis Response Format
I 2 42
I1 3 46
111 2 22
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